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A  S'PUDY  OP  THE  CONDUCTIVITY  OF  CERTAIN  ORGANIC 

SAITS  IN  ABSOLUTE  ETHYL  ALCOHOL  AT 

150,  25°  AND  35°. 


INTRODUCTION. 

For  some  years  past  a  comprehensive  study  has  been  made 
in  this  laboratory  of  the  electrical  conductivity  and  dis- 
sociation of  various  organic  acids  in  aqueous  solution  ■*-. 
This  naturally  led  to  the  investigation  of  the  organic 
acids  in  absolute  alcohol.   'Nightman,  Wiesel  and  Jones  2, 
and  Lloyd,  Wiesel  and  Jones  3  undertook  a  thorough  study  of 
this  latter  work. 

On  account  of  their  inability  to  obtain  A.o  for  these 
acids  experimentally,  it  was  perfectly  logical  that  the  be- 
havior of  the  organic  salts  in  absolute  alcohol  be  investi- 
gated.  We  have  developed  this  for  two  reasons;  first,  we 
believe  that  accurate  conductivity  data  on  these  compounds 

1.  Carnegie  Inst.  Wash.  Pub.  No.  170,  Part  II;  No.  210, 
Chap.  II. 

2.  Carnegie  Inst.  Wash.  Pub.  No.  210,  Chap.  Ill;  J.  Amer. 
Chem.  Soc.  36,  2243  (1914). 

3.  Carnegie  Inst.  Wash.  Pub.  No.  230,  Chap.  VII;  J.  Amer. 
Chem.  Soc.  38,  121  (1916). 
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is  of  value  in  the  general  consideration  of  the  whole  sub- 
ject; secondly,  we  are  interested  in  such  minor  questions 
as  temperature  coefficients  of  conductivity,  conductivity 
in  relation  to  chemical  constitution,  limits  of  experiment- 
al accuracy  in  working  with  dilute  alcoholic  solutions,  and 
the  general  phenomena  of  alcoholysis. 

7e  realize  also  that  here  might  he  a  method  for  ob- 
taining the  equivalent  conductivity  at  infinite  dilution, 
(Ao ) ,  for  the  organic  acids  previously  studied,  by  exper- 
imentally developing  the  J\0   for  the  salts  and  from  this 
the  migration  velocities  of  the  anions.   Once  obtaining 
this  data  for  the  anions,  it  could  be  introduced  into  the 
Kohlrausch  equation  for  determining  Ao  theoretically,  as 
demonstrated  possible  for  aqueous  solutions  by  Ostwald   . 

With  the  values  of  Ao  for  both  acids  and  salts,  it  is 
of  course  possible  to  determine  percentage  dissociation 
values  as  well  as  affinity  constants  for  the  acids  in  ques- 
tion. 

HISTORICAL. 

The  phenomena  of  the  electrical  conductivity  of  the 
sodium  salts  of  organic  acids  in  absolute  alcohol  up  to  the 
present  time  have  received  but  scant  attention.   7/ith  few 

4.  Zeit.  physik.  Chem.  S,  561  (1888);  3,  170  (1889); 
Amer.  Chem.  Journ.  46,  66  (1911). 
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exceptions  all  investigations  that  have  been  made  were  in- 
cidental in  nature  and  were  chosen  simply  as  a  type  of  the 
organic  salts. 

Dutoit  and  Happeport   ,  in  a  study  on  the  limiting 
conductivities  of  some  electrolytes  in  absolute  alcohol, 
measured  among  other  salts  sodium  acetate,  evidently  taking 
the  same  as  an  example  of  the  salts  of  organic  acids.   They 
subjected  their  results  to  some  rather  interesting  deduc- 
tions but  unfortunately  their  conductivities  were  measured 
at  18°,  making  exact  comparison  with  those  at  25°  an  impos- 
sibility.  They  interpreted  their  results  in  a  manner  simi- 
lar to  that  done  by  Goldschmidt,  and  so  their  deductions 
are  really  illustrated  in  the  latter 's  communications. 

Dhar  and  Bhattacharyya   carried  on  some  work  in  al- 
cohol with  various  salts  and  studied  among  others  the  fol- 
lowing organic  derivatives:  sodium  propionate,  sodium  ben- 
zoate  and  sodium  salicylate.   Their  measurements  at  odd 
concentrations  and  temperatures  render  comparison  impossible. 

Heinrich  Goldschmidt   ,  incidental  to  his  study  of  the 
esterification  of  organic  acids  in  absolute  alcohol,  found 
it  necessary  to  measure  the  conductivities  of  a  number  of 
sodium  salts  of  these  acids.   The  preparation  of  the  absolute 

5.  Jour.  Chim.  Phys.  6,  545  (1908). 

6.  Zeit.  anorg.  Chem.  82,  357  (1913). 

7.  Zeit,  physik.  Chem.  89,  129  (1914);  91,  46  (1916). 


7 
alcohol  used  by  him  is  of  interest.   Ordinary  95  per  cent, 
alcohol  was  allowed  to  stand  in  contact  with  lime  for  some 
time  and  then  distilled.   The  process  was  repeated,  this 
time  using  a  copper  distilling  ressel  and  condenser.   Thus 
the  water  content  was  reduced  to  0.003  normal  or  0.06  gr. 
per  liter.   If  completely  anhydrous  alcohol  was  desired, 
this  product  was  treated  finally  with  metallic  calcium. 
For  this  purpose  calcium  bars  were  turned  on  a  lathe  to  re- 
move the  coating  of  hydroxide,  and  the  bright  metal  was  cut 
into  pieces  the  size  of  a  pea.   An  amount  of  calcium  equal 
to  ten  times  the  amount  of  water  present  (about  0.1  gr.) 
was  introduced  into  the  alcohol.   The  whole  was  then  heated 
for  several  hours  with  a  reflux  condenser  attached,  and  a 
rapid  stream  of  dry  air  was  circulated  through  the  distil- 
lation chamber  to  remove  traces  of  ammonia.   In  this  way 
absolute  alcohol  was  obtained  having  a  specific  conductivity 
of  2  x  10"7. 

Having  procured  alcohol  of  sufficient  purity,  Soldschmidt 
measured  the  conductivities  of  certain  organic  salts  at  25°. 
The  salts  were  made,  according  to  his  bare  statement,  by 
neutralizing  the  alcoholic  solution  of  the  acids  with  an 
alcoholic  solution  of  sodium  ethylate  made  by  dissolving 

D 

metallic  sodium  in  absolute  alcohol.   Robertson  and  Acree 
8.  Robertson,  Dissertation,  J.  H.  U. ,  1913. 
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describe  accurately  their  method  for  preparing  and  stand- 
ardizing this  reagent  in  work  which  was  carried  out  at  a 
much  earlier  date  than  this.   Goldschmidt  does  not  mention 
the  fact  that  he  titrated  his  acids  in  alcohol  against  the 
standard  ethylate.   The  inference  is  that  he  standardized 
the  ethylaie  by  titration  with  an  aqueous  solution  of  a 
standard  mineral  acid  using  methyl  orange  as  an  indicator, 
and  then  added  arbitrarily  the  theoretical  amount  necessary 
to  a  certain  definite  weight  of  the  organic  acid  in  alco- 
holic solution.   He  gives  no  experimental  proof  or  state- 
ment as  to  whether  he  had  tested  the  purity  of  the  acids 
used,  Although  it  has  been  shown  that  such  an  assumption 
is  possible  in  the  majority  of  cases,  it  is  not  always  true 
and  we  have  shown  it  necessary  to  titrate  the  acid  before 
using  the  same.  A  further  discussion  of  this  is  to  be 
found  in  the  experimental  part  of  this  paper. 

Goldschmidt  measured  the  conductivities  from  N/lO  to 
N/5120  concentrations,  and  the  values  determined  for  five 
different  salts  are  shown  below.   These  results  are  given 
to  enable  us  to  discuss  them  and  the  deductions  leading 
from  them,  as  well  as  to  point  out  later  wherein  we  differ 
from  him  as  to  certain  conclusions.   These  salts  are  sodium 
trichloroacetate,  dichloroacetate,  picrate,  salicylate  and 
sulfosalicylate.   There  is  appended  with  each  table  his 
calculation  for  Ao  of  the  salt  at  specified  dilutions. 


Table  I. 
Sodium  Triohloroacetatc. 

V.   A  I.   A  H. 

10    11.07 

20    13.95 

40        17.27        17.33      J^   (*,2o-ni°)    =    4&-I0 

80        20.99        20.96 

A    (Q4o-U(.*)     =    4<^  2  o 
160        24.94        25.12        AcA 

320  28.83  29.04    _A0(jaSo~  5'%°l     ~  ^  5      ' 

640  32.39  32.50  . 

1280  35.28  35.29 

2560  37.61  37.48 

5120  39.23  38.92 


Table   II. 


Sodium  Dichloroacetate. 


"V  A  i  AX  AH 

10     -  -  9.85   X 

20      -  ~  12.64 

40  16.11  15.95  15.86 

80  19.78  19.59  19.53 

160  23.78  23.65  23.54 

320  28.00  27.70  27.52 

640  31.96  31.51  31.49     / /\  /     ,1    A"l.^^ 

1280  35.66  34.87  34.96 


2560   38.42    37.74    38.02 
5120     -     40.71    40.86 
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Ta"ble    III. 
Sodium  Salicylate. 

V  A. 

16  9.57 

20  12.21 


40  15.27 

80  18.78 


A,  (*o- ■*!.]-    44-51 

J\o  (Uo-^o)  =  44-1 
320  26.58        A0(l>Io-S.«) 

KoUbUval-   -    44-^ 


160  22.67 

=  4I.  55 


640  30.14 

1280  33.20 


2560  35.48 

5120  36.29 

Tafrlc   IV. 
Sodium  Sulfosalicylate, 

40        13.56        13.54        13.5 


80 

16.72 

16.74 

16.7 

4(^-^),  4o-7 

160 
320 
640 

26.21 
23.76 
27.06 

20.18 
23.69 
27.02 

20.2 
23.7 
27.0 

A0(Uo^sCo}=   41.' 

1280 

30.0 

30.03 

30.0 

Ac    =  ^ 

2560 

32.22 

32.23 

32.2 

5120 

33.84 

34.12 

34.0 

11 


Table  V. 
Sodium  Picrate, 


"V 

Ai. 

A  I. 

40 

18.04 

18.14 

80 

22.06 

22.11 

160 

26.34 

26.34 

320 

30.61 

30.64 

640 

34.59 

34.59 

1880 

37.94 

38.07 

2560 

40.43 

40.65 

5120 

42.03 

42.75 

\A0iUo-^o)  =  SO.\0 
Ao^ro-\->%o)  =  So.']*. 
Ajrto-s.*.)  -   5o.*)* 


Soldschmidt  thought  that  it  was  evident,  after  carry- 
ing his  dilutions  to  5120  liters,  that  Ac  could  not  he 
reached  hy  ordinary  experimental  methods.   He  attempted  to 
calculate  A0    for  these  organic  salts  and  expected  to  ob- 
tain the  relative  velocity  of  the  organic  anion  from  the 
salt,  and  introduce  the  sane  into  the  eouation  - 

Ac  -    *-  +  a- 

To  determine  A0  for  the  organic  salt  he  made  use  of  the 

q 

Kohlrausch  formula   - 

A.   -  A  +  aV^ 

in  which  Ao  is  an  unknown,  J\_     the  conductivity  at  a 
$.  Wied.  Ann.  26,  161  (1885). 
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known  dilution,  v,  and  a  an  unknown  constant.   Two  equa- 
tions involving  the  use  of  different  j\     values  are  equa- 
ted, the  J\0     being  the  same  in  both  cases,  and  the  expres- 
sion solved  for  the  value  a.   Once  having  this,  it  is  a 
simple  matter  to  solve  for  A0  in  one  of  the  two  original 
equations.   By  reference  to  the  tables  quoted  above  we  can 
observe  how  such  values  are  derived.   It  is  to  be  noticed 
that  alternate  j\     values  are  eouated.   Phis  is  done  so 
that  the  difference  may  be  of  sufficient  degree  of  magni- 
tude and  that  any  inaccuracy  in  an  individual  measurement 
may  not  affect  two  successive  derivations. 

A  glance  at  the  tables  and  calculations  will  show  that 
the  calculated  values  for  J\  0  are  by  no  means  concordant. 
The  higher  the  value  of  J\    used  in  the  equation,  the  lower 
becomes  the  calculatedvi\0  .  His  final  conclusions  are 
vague  and  must  be  regarded  as  only  approximate  and  incon- 
clusive.  He  generally  chose  the  highest  possible. 

Goldschmidt  seems  to  disregard  entirely  the  very  exact 
and  admirable  piece  of  work  done  on  the  subject  of  the  lim- 
iting conductivity  and  degree  of  ionization  of  alcoholic 
solutions  by  B.B.Turner  10  in  this  laboratory.   Turner  car- 
ried his  dilutions  to  far  greater  limits, as  the  following 
table  illustrates. 

10.  Amer.  Chem.  Journ.  40,  558  (1908). 
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We  have  repeated  this  work  and  have  every  reason  to 
believe  that  it  is  unquestioned  and  is  remarkably  accurate 
especially  when  one  considers  that  it  was  done  without  the 

Table  VI. 

KI  in  Absolute  Alcohol 
Conductivity  in  mhos  at  25°. 


V 

A 

10 

22.2 

12 

23.0 

16 

24.1 

32 

27.5 

64 

31.1 

128 

35.0 

250 

38.2 

50C 

41.4 

1000 

44.0 

5000 

47.8 

10000 

48.4 

20000 

48.5 

CO 

48. 5+0.5 

more  recent  conductivity  apparatus  now  at  our  disposal. 

Turner  showed  that  up  to  5000  liters  dilution  it  is 
easy  to  obtain  concordant  results;  but  the  values  for  J\, 
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as  calculated  according  to  the  Kohlrausch  method  are  not 
constant  for  these  higher  dilutions.   Like  those  of  Gold- 
schmidt,  they  decrease  the  higher  the  values  of  A  used  in 
the  equation.   Turner  also  showed  that  plotting  I\     against 
the  reciprocal  of  the  cube  root  of  the  volume  does  not  give 
a  straight  line  as  in  aqueous  solutions  of  equal  dilutions, 
"but  rather  a  smooth  curve  slightly  convex  towards  the  dilu« 
tion  axis.   He  therefore  assumed  that  the  Kohlrausch  method 
fails  to  answer  the  requirements  of  absolute  alcoholic  so- 
lutions. Extrapolation  of  his  results  with  the  formula 
would  give  a  value  of  56  for  l\0   instead  of  the  experiment- 
al value  of  48.5  obtained.   He  thought  that  accidental  in- 
troduction of  water  into  his  solutions  might  affect  the 
readings,  so  to  test  this  he  added  as  much  as  0.2  to  0.3  % 
of  water  by  weight  to  his  alcoholic  solutions^ with  a  varia- 
tion in  conductivity  of  only  0.01  x  10   units,  showing 
that  no  accidental  experimental  error  of  this  nature  had 
crept  in. 

Furthermore,  Dutoit  and  Rappeport  showed  identically 
the  same  phenomena  with  a  number  of  inorgaAic  salts  in  work 
to  which  reference  has  already  been  made  (page  6).  This 
work  like  that  of  Turner's  seems  to  have  escaped  the  notice 
of  Goldschmidt,  as  he  does  not  mention  either  piece  of  work 
in  any  of  his  papers. 

In  other  words,  the  problem  as  undertaken  by  Goldschmidt 
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is  very  incomplete  from  this  standpoint.   No  reason  can  be 
given  why  he  should  use  arbitrarily  chosen  limits  for  v  in 
applying  the  Kohlrausch  formula,  nor  is  it  shown  how  accur- 
ately measured  conductivities  up  to  20000  liters  dilution 
can  be  reconciled  with  such  a  falling  off  in  the  calculated 
l\0    for  the  salt. 

"The the r  such  a  method  could  be  applied  or  not,  or 
whether  another  can  be  substituted  in  its  place,  is  a  ques- 
tion of  very  great  importance.  Furthermore,  Goldschmidt 
based  his  conclusions  on  the  results  of  only  six  or  seven 
salts.   It  was  therefore  deemed  advisable  by  the  present 
writer  that  in  the  first  place  more  conductivity  data  on  a 
larger  number  of  salts  be  obtained,  and  in  the  second  place, 
these  measurements  be  made  at  several  temperatures  in  order 
to  look  at  this  subject  in  a  broad  way. 

Such  was  the  state  of  the  problem  at  the  inception  of 
the  experimental  work  on  this  dissertation. 

EXPERIMENTAL. 

Reagents. 

The  alcohol  used  in  this  investigation  was  prepared  in 

the  following  manner.   Ordinary  95  per  cent,  ethyl  alcohol 

was  heated  for  several  days  with  lime  in  a  copper  tank  with 

a  glass  condenser  attached.   A  minimum  of  refluxing  in  the 
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condenser  was  obtained  by  inserting  into  the  tank  through 
the  stopper  a  coil  of  3/l6  inch  lead  pipe  containing  run- 
ning water  and  serving  to  cause  condensation  immediately 
below  the  reflux  tube.   Phe  alcohol  was  distilled  off  using 
a  glass  still  head  with  a  bulb  blown  in  it  and  containing 
glass  wool  soaked  in  alcohol  in  order  to  prevent  any  dust- 
ing over  of  the  dry  calcium  hydroxide.   The  middle  fraction 
was  treated  in  the  same  manner  as  above  and  again  fraction- 
ated.  This  process  was  continued  until  a  specific  gravity 
of  0.78507  was  obtained,  the  extreme  limits  of  variation 
being  0.78505  to  0.78510,  which  according  to  Circular  #  19 
of  the  Bureau  of  Standards  corresponds  to  a  purity  of  from 
100  to  99.987  per  cent.   The  specific  conductivities  of  the 
alcohol  varied  with  the  different  samples  from  0.46  to  1.6 
x  10   mhos.  Upon  the  final  distillation  the  alcohol  was 
collected  in  a  six  liter .alcohol  extracted,  Jena  bottle 
with  a  sealed  stopper  carrying  a  siphon  for  drawing  off  the 
liquid,  a  calcium  chloride  -  soda  lime  tube  and  an  adapter 
with  a  ground  glass  stopcock.   Alcohol  prepared  and  stored 
in  this  manner,  affcer  several  days  following  the  distilla- 
tion remained  practically  unchanged  as  to  its  conductivity 
for  a  period  of  several  weeks.   It  was  found  that  our  dis- 
carded alcoholic  solutions  and  washings,  when  distilled 
once  in  glass  with  a  few  drops  of  concentrated  sulfuric 
acid  before  the  final  lime  treatment,  produced  a  very 
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superior  grade  of  absolute  alcohol,  being  generally  better 
than  that  obtained  from  fresh  supplies  of  the  95  per  cent, 
material. 

The  organic  salts  used  in  this  investigation  were  pre- 
pared by  adding  the  necessary  amount  of  sodium  ethylate  in 
absolute  alcohol  to  the  organic  acid  in  alcoholic  solution, 
as  advised  by  Goldschmidt  and  previously  mentioned  in  the 
historical  section  (page  7).   The  acids  employed  were  taken 
from  the  various  samples  purified  in  the  work  of  Lloyd, 
"7iesel  and  Jones.   .Then  such  were  lacking  new  material  was 
obtained  from  well-known  firms  and  purified  in  the  follow- 
ing manner.   Whenever  possible  the  acid  was  precipitated 
from  hot  alcoholic  solution,  but  when  necessary  a  small 
amount  of  water  was  added.   In  every  case  the  fractionation 
was  carried  out  several  times.   The  halogen  substituted 
aliphatic  acids  were  fractionally  crystallized  from  hot 
benzol,  placed  in  a  sulfuric  acid  dessicator,  and  the  final 
traces  of  the  benzol  removed  by  introducing  into  the  con- 
tainer pieces  of  paraffine  which  acted  as  an  absorbant  for 
the  solvent.   To  purify  the  liquid  aliphatic  acids  we  re- 
sorted to  both  fractional  crystallization  by  means  of  a  re- 
frigerant and  repeated  distillations  under  reduced  pressure, 
in  the  latter  case  collecting  the  various  fractions  in  a 
specially  constructed  receiver  for  small  quantities. 

The  ethylate  was  prepared  as  needed  in  the  following 
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manner,  as  suggested  by  J.H.Shrader  11.  A  special  grade 
of  metallic  sodium,  free  from  other  metals,  was  wiped  care- 
fully with  filter  paper,  the- approximate  amount  was  pared 
to  fresh  surfaces,  and  in  small  pieces  was  placed  first  in 
a  good  grade  of  alcohol,  then  transferred  into  some  con- 
ductivity alcohol  for  final  washing,  and  finally  dropped 
into  a  measuring  flask  of  the  best  alcohol,  so  that  upon 
solution.it  could  be  made  up  to  the  mark.   With  practice  it 
was  possible  to  estimate  successfully  the  amount  of  sodium 
to  produce  a  nearly  N/lO  solution.   This  solution  was 
standardized  and  used  within  an  hour  or  two  for  the  salt 
preparation.   It  was  found  necessary  to  make  the  ethylate 
to  be  used  immediately,  as  evidences  of  decomposition  giving  a 
straw  color  to  the  solution  appeared  within  twenty  four 
hours  of  its  preparation,  and  even  sooner  in  the  case  of 
more  concentrated  solutions. 

This  ethylate  solution  was  immediately  standardized 
by  means  of  a  H/lO  aqueous  solution  of  hydrochloric  acid. 
This  latter  reagent  was  prepared  by  the  method  of  Hulett 
and  Bonner  12,  lately  extended  by  Hendrixson  13.   As  a 
check  on  this  solution  four  series  of  silver  chloride  grav- 
imetric analyses  were  made  at  various  times  throughput  the 


11.  J.  H.  Shrader,  Dissertation,  J.  H.  U. ,  1913,  p.  14-16, 

12.  J.  Amer.  Chem.  Soc.  31,  390  (1909). 

13.  J.  Amer.  Chem.  Soc.  37,  2352  (1915). 
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year,  none  of  which  varied  more  than  0.1  of  1  per  cent. 

Phenolphthalein  served  as  the  indicator  for  the  var- 
ious titrations,  special  precautions  -  noted  in  a  later 
paragraph  -  being  used  to  prevent  the  interference  of  car- 
bon dioxide  from  the  atmosphere.   As  a  final  proof  of  the 
correctness  of  our  choice  of  indicators  the  ethylate  was 
standardized  with  hydrochloric  acid  using  in  this  case 
methyl  red  as  an  indicator,  and  it  showed  results  concord- 
ant with  the  phenolphthalein  values  previously  obtained. 
The  methyl  red  naturally  was  useless  in  the  titration  of 
most  of  the  organio  acids,  so  its  use  was  abandoned  after 
proving  the  value  of  the  phenolphthalein  procedure. 

In  order  to  dry  complately  our  various  pieces  of  appar- 
atus, acetone  was  used,  as  suggested  by  Barngbey14.  The 
acetone  was  dehydrated  over  calcium  chloride  and  then  re- 
distilled. 

Apparatus. 
The  cylindrical  type  of  conductivity  cells  was  used  in 
all  save  the  more  concentrated  solutions,  where  the  ordin- 
ary plate  type  was  adopted.   The  reason  for .using  the  cyl- 
indrical cell  lies  in  the  fact  that  the  organic  salts  in 
absolute  alcohol,  although  having  more  conductivity  than 
the  organic  acids,  are  nevertheless  of  sufficient  resistance 

14.  J.  Amer.  Chem.  Soc.  37,  1835  (1915). 
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to  warrant  suoh  a  procedure,   White  16  and  Wightman  16  have 
described  the  method  for  obtaining  the  constants  of  these 
cells. 

Both  the  temperature  coefficients  of  expansion  of  al- 
cohol and  the  temperature  coefficients  of  conductivity  of 
substances  in  it  as  a  solvent  are  so  large  that  it  was  es- 
pecially necessary  to  maintain  the  solutions  at  a  constant 
temperature  to  within  0.01°.   The  thermometers  were  of  the 
differential  Beckmann  type  and  were  carefully  compared  with 
a  standard  Reichsanstalt  instrument  which  had  in  turn  been 
calibrated  at  the  Bureau  of  Standards.   The  gas  regulator 
and  thermoregulator  combined  was  devised  by  Davis  and 
Hughes   .   The  improved  form  of  constant  temperature  bath 
as  devised  by  Davis  ^®  was  used  in  our  investigation.  These 
baths  are  capable  of  even  finer  temperature  adjustment  than 
that  stated  above  as  employed  in  our  work. 

The  resistance  box  used  throughout  this  work  was  cal- 
ibrated at  the  Bureau  of  Standards.   The  improved  Kohlrausch 
slide  wire  bridge  was  employed  by  means  of  which  it  was 
possible  to  read  distances  on  the  slide  wire  corresponding 
to  tenths  of  a  millimeter  (the  total  length  of  the  wire 

15.  Amer.  Chem.  Journ.  42,  527  (1909). 

16.  Amer.  Chem.  Journ.  44,  64  (1911). 

17.  Zeit.  physik.  Chem.  85,  519  (1913). 

18.  Carnegie  Inst.  Wash.  Pub.  No.  210,  p.  21  (1914). 
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being  five  meters).   Special  precautions  were  taken  to  re- 
move all  external  resistance  in  the  circuit,   number  10 
B.  &  S.  insulated  copper  wire  was  used,  with  all  leads  com- 
ing to  the  bridge  dipping  into  a  mercury  contact  rocking 
commutator. 

In  the  volumetric  work  Jena  flasks  were  employed  (50, 
100,  BOO,  250,  500,  1000  c.c.)  which  had  been  previously 
calibrated  in  this  laboratory  and  recalibrated  by  ourselves 
using  weight  method?.   Reichsar.ctalt  double  mark  pipettes 
were  recalibrated  before  use.   In  filling  and  draining  the 
pipette  the  following  device  was  suggested  by  Dr.  Davis. 
It  consisted  of  a  right-angled  T-tube  with  a  glass  stop- 
cock on  the  base  of  the  T,  the  pipette  being  attached  by 
rubber  to  one  end  of  the  cross  piece  held  vertically  with 
the  regulating  finger  on  the  opposite  end  of  the  cross 
piece.   The  control  finger  is  maintained  throughout  the  op- 
eration at  this  opening  and  the  danger  of  contamination  by 
suction  is  removed.   A  calcium  chloride  -  soda  lime  tube  is 
inserted  in  the  rubber  tube  leading  from  the  glass  stop- 
cock on  the  base  of  the  T  to  the  mouth,  for  obvious  reasons. 
The  50  c.c.  burettes  adopted  were  calibrated  at  2  c.c.  in- 
tervals by  weight. 

In  order  to  titrate  with  phenolphthalein  in  an  atmos- 
phere free  from  carbon  dioxide  the  following  apparatus  was 

"I/I 

constructed  partially  as  suggested  by  Hendrixson  °. 
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A  carboy  was  connected  to  an  ordinary  tire  pump  and  served 
as  a  gas  reservoir.   The  air  was  led  through  three  wash 
"bottles,  the  first  containing  concentrated  potassium  hydrox- 
ide solution,  the  second  a  more  dilute  solution  and  the 
third  pure  water.   The  titration  was  effected  in  an  Erlen- 
meyer  flask  closed  with  a  rubber  stopper  which  in  turn  was 
fitted  loosely  around  the  burette  tip  serving  in  this  way 
as  a  vent  for  the  stream  of  air  passed  slowly  through  the 
solution. 

The  difficulty  in  dessicating  our  acids  when  once  pur- 
ified was  solved  by  means  of  a  vacuum  drying  oven  designed 
by  Dr.  Davis  and  myself.   This  apparatus  consisted  of  a 
bell-jar  18  cm.  by  24  cm.  with  a  rubber  stopper  at  the  top 
in  which  was  inserted  a  thermometer  and  the  evacuating  con- 
nection.  This  tubulated  ball-jar  was  placed  on  a  heavy  iron 
vacuum  plate  and  when  in  use  the  two  parts  were  sealed  by 
means  of  rubber  cement.   Leading  into  the  plate  by  means  of 
a  rubber  stopper  from  below  were  placed  four  wires;  one 
pair  to  a  110  volt  50  watt  16  candle  power  carbon  filament 
lamp  placed  in  a  metal  chimney,  and  the  other  pair  leading 
to  a  miniature  fan  motor  running  on  110  volt  direct  current 
with  an  eight  candle  power  carbon  filament  lamp  in  series 
with  it  outside  the  jar.   The  external  electrical  connec- 
tions were  made  to  enable  the  control  of  both  heat  and 
power  separately.   Within  the  oven  circulation  was  obtained 
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"by  means  of  the  fan  driving  towards  the  open  base  of  the 
brass  chimney.   Drying  was  facilitated  by  means  of  two 
dishes  containing  either  concentrated  sulfuric  acid  or 
phosphorous  pentoxide.   The  material  was  dried  on  watch 
crystals  placed  on  a  perforated  tray  or  shelf  set  above  the 
motor  and  lamp  chimney.   At  90  mm.  pressure  we  were  enabled 
to  get  a  boiling-point  for  water  of  49.6°.   Since  the  lamp 
heating  unit  maintained  a  temperature  of  65°  it  is  easily 
seen  that  with  the  added  help  of  a  strong  dehydrating  agent 
all  traces  of  the  crystallizing  solvent  were  removed.   In 
proof  of  this  practically  all  the  organic  acids  titrated 
theoretical.   This  piece  of  apparatus  has  the  following  ad- 
vantages; ease  of  construction,  ability  to  be  evacuated 
sufficiently  with  the  common. water  suction  pump,  and  the 
requirement  of  a  lighting  current  for  operation.   Further- 
more, it  is  convenient  to  have  all  parts  of  the  apparatus 
exposed  to  view  through  the  transparent  bell- jar,  and  to 
open  the  oven  it  is  only  necessary  to  break  the  rubber 
cement  seal  around  the  base  of  the  jar. 

Procedure. 
The  sodium  ethylate  prepared  as  previously  described 
was  standardized  by  titration  with  N/lO  HC1  in  a  carbon  di- 
oxide freed  atmosphere  as  described  previously.   '.Then  the 
ethylate  was  standardized  the  organic  acid  from  which  the 
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salt  was  to  be  made  was  weighed  out  in  quantity  sufficient 
to  give  100  c.c.  N/lO  salt  solution  and  this  weight  was 
confirmed  "by  titration,  which  showed  a  very  general  con- 
cordance giving  added  proof  of  the  purity  of  the  acids.   In 
dealing  with  very  deliquescent  substances,  as  trichloracetic 
acid  for  example,  we  weighed  by  difference,  making  approx- 
imate standard  solutions  rather  than  exactly  N/lO  strengths; 
but  even  in  this  case  we  obtained  confirmation  of  our  work. 
The  nondeliquescent,  crystalline  acids  were  weighed  on  a 
watch  crystal,  the  deliquescent  ones  in  glass  stoppered 
weighing  bottles;  but  in  both  cases  the  acids  were  washed 
through  a  funnel  into  the  100  c.c.  measuring  flasks  with 
conductivity  alcohol,  and  made  up  to  mark  at  85°.   Several 
salts  of  :i/50  dilution  were  made  up  in  this  same  manner  at 
the  beginning  of  our  work,  but  this  dilution  was  omitted 
later  as  unnecessary. 

Let  us  notice  a  few  of  the  necessary  steps  in  the  ti- 
trations. All  such  were  made  in  70  c.c.  solution. (50  c.c. 
water,  10  c.c.  acid  and  approximately  10  c.c.  ethylate). 
The  carbon  dioxide  freed  air  was  allowed  to  bubble  through 
the  solution  for  two  minutes  before  titration.   It  was 
found  that  the  presence  of  some  alcohol  retarded  the  end- 
point  and  a  number  of  titrations  were  made  throughout  the 
year  to  enable  us  to  correct  for  this.   TTe  found  as  result 
of  our  work: 
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70  c.c. water  &  0  c.c. alcohol  required  .03  c.c.  to  pro- 
duce color. 

60  c.c. water  &  10  c.c. alcohol  required  .04  c.c. 
50  c.c. water  &  20  c.c. alcohol  required  ,C6  c.c. 

Therefore  it  was  necessary  to  apply  this  correction 
as  our  accuracy  in  titration  was  made  to  check  to  .02  c.c. 

After  calculating  the  amounts  necessary,  100  c.c.  N/lOO 
salt  solution  in  absolute  alcohol  at  25°  was  prepared, 
placed  in  a  150  c.c.  glass  stoppered  Erlenmeyer  flask,  and 
sealed  with  rubber  cement  until  the  conductivities  were  to 
be  determined.   It  was  possible  to  make  up  three  or  four 
different  mother  solutions  of  various  organic  salts  in  one 
day,  another  day  being  devoted  to  the  dilution  down  to 
weaker  concentrations,  measurement  of  the  conductivities 
and  calculation  of  results  for  each  salt.   These  last  three 
operations  on  a  single  salt  at  various  dilutions  we  have 
designated  as  a  "run". 

It  is  deemed  advisable  at  this  point  to  introduce  an 
example  of  the  calculations  upon  which  a  single  salt  was 
prepared  as  described  above. 

Acid  Orthonitrobenzoic  C7H504N. 
Strength  of  standard  HC1  0.10027. 
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I.  Standardization  of  the  Ethylate. 
10.005  c.c.  HC1  used  in  each  titration. 
Ethylate  Burette 
Readings    Corrected   Difference 
2.77  c.c.    2.76  c.c. 

10.84  c.c.        10.83   c.c.        8.07   c.c. 

10.85  c.c.         10.84   c.c. 

18.91  c.c.         18.92   c.c.         8.08   c.c. 

18.92  c.c.        18.93   c.c. 

26.99  c.c.    27.02  c.c.    8.09  c.c. 
Mean  8.08  less  .04  correction  Z     8.04  c.c.  ethylate. 
10.005:8.04: :x:. 10027 
x  =  .1248  normality  of  the  ethylate 
To  make  100  c.c.  K/lOO  salt  solution  requires  8.015  c.c, 

II.  Standardization  of  the  Organic  Acid. 
10.005  c.c.  acid  used  in  each  titration. 
Ethylate  Burette 
Readings    Corrected   Difference 
1.98  c.c.    1.98  c.c. 
10.03  c.c.    10.02  c.c.    8.04  c.c. 
10.03  c.c.    10.02  c.c. 
18.05  c.c.    18.07  c.c.    8.05  c.c. 
18.05  c.c.    18.07  c.c. 
26.68  c.c.    26.11  c.c.    8.04  c.c. 
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Mean  8.04  less  .04  correction  z   8.00  c.c.  ethylate. 
8.04  :  8.00  : :  .10027  :  x 
x  s  .09977  normality  of  organic  acid 
To  make  100  c.c.  u/lOO  salt  solution  requires  10.02  c.c. 
plus  .01  c.c.  excess  ecuals  10.03  c.c. 


It  should  be  mentioned  that  this  work  was  carried  on 
in  a  rather  small  room  with  one  window  and  one  door  at  op- 
posite ends  of  the  room,  so  that  with  care  it  was  possible 
to  keep  the  room  temperature  at  25°  with  less  than  0.3° 
variation.   Thus  it  was  possible  to  measure  out  the  solu- 
tions in  burettes  and  pipettes  provided  that  such  were  not 
handled  unnecessarily  to  cause  heating  and  were  always  kept 
dry  to  prevent  cooling  in  evaporation.   All  burettes  and 
pipettes  were  connected  with  calcium  chloride  -  soda  lime 
tubes  to  prevent  contamination  from  moisture  and  carbon  di- 
oxide. 

In  handling  the  "run"  the  N/lOO  solution  of  one  of  the 
salts  served  as  a  basis  for  the  preparation  of  all  the  more 
dilute  solutions.   The  following  scheme  represents  the 
method  by  which  these  solutions  were  prepared. 
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After  a  number  of  experiments  it  was  deemed  inadvis- 
able to  wash  the  measuring  flasks  with  water;  they  were 
therefore  rinsed  with  a  good  grade  of  alcohol  and  then 
three  times  with  conductivity  alcohol.   The  cells  were 
filled  with  conductivity  water  until  several  hours  before 
use.   They  were  then  rinsed  three  times  with  good  alcohol. 
Each  cell  was  finally  washed  three  times  with  the  solution 
of  the  particular  dilution  to  be  "run"  in  that  cell  before 
filling.   These  cells  together  with  one  containing  the  con- 
ductivity alcohol  were  then  introduced  into  the  15°  bath, 
gently  agitated  twice  within  an  hour's  time  to  insure  ab- 
sence of  bubbles  as  well  as  to  hasten  diffusion,  and  then 
read.   They  were  placed  successively  in  the  25°  and  35° 
baths  allowing  for  the  same  time  and  procedure  as  in  the 
15°  bath. 

It  will  be  remembered  that  the  solutions  were  made  up 
at  25°,  and  that  the  molecular  conductivities  were  measured 
at  15°,  25°  and  35°.   Alcohol  has  such  an  appreciable  tem- 
perature coefficient  of  expansion  that  it  was  necessary  to 
correct  for  the  contraction  and  expansion  at  the  other 
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temperatures.   One  liter  of  alcohol  at  25°  expands  to 
1.61114  liters  at  35°,  and  contracts  to  0.98923  liter  at 
15°.   Therefore  to  obtain  the  molecular  conductivity  at  35° 
one  must  multiply  the  specific  conductivity  at  that  temper- 
ature by  the  product  of  the  molecular  volume  and  the  factor 
1.01114.   likewise,  to  obtain  the  molecular  conductivity  at 
15°  the  specific  conductivity  at  that  temperature  must  be 
multiplied  by  the  product  of  the  molecular  volume  and  the 
factor  0.98923. 

MEASUREMENTS. 

Explanation  of  Tables. 
In  the  following  tables  V  signifies  the  volume  at 
which  a  solution  was  made  up,  and  A.  the  molecular  con- 
ductivity of  that  solution  at  the  various  temperatures. 
The  method  of  calculating  A  is  thoroughly  familiar.   Cor- 
rections were  applied  as  described  allowing  for  the  con- 
traction and.  expansion  of  the  solutions.  (The  solutions 
were  so  dilute  that  their  volume  changes  with  variation  in 
temperature  were  assumed  to  be  the  same  as  that  of  pure  al- 
cohol) .   The  values  of  J\-  25°,  therefore,  represent  the 
molecular  conductivity  of  a  solution  of  volume  V  at  25°. 
The  values  of  J\- 15°  and  J\-  35° ,  however,  represent  the 
molecular  conductivity  of  a  solution  of  volume  0.98923  V 
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at  15°  and  1.01114  V  at  35°.   Only  the  one  value  V  is  given 
in  the  tables  to  save  space. 

All  conductivities  are  expressed  in  reciprocal  ohms. 

Concerning  the  calculation  of  the  temperature  coef- 
ficients of  conductivity,  we  have  adopted  this  expression  - 

A-t'  -  At 
'     V    -    t 

where  J\-\      and  -/\-t  represent  the  molecular  conductivi- 
ties of  the  same  solution  at  t'  and  t°(t'>t),  and  T  the 
temperature  coefficient  of  conductivity.   To  find  the  per- 
centage coefficient  of  conductivity  we  have  used  the  formula- 

whare  A.    is  the  percentage  coefficient  and  J\-^   the  conduct- 
ivity at  the  lower  temperature.  At  first  the  values  of  _A-t" 
and  _/\-i  at  15°  and  35°  were  corrected  for  the  difference 
in  volume  between  0.98923  V  and  V,  and  1.01114  V  and  ¥, 
respectively.   This  was  done  in  order  that  comparison  might 
be  made  between  solutions  of  the  same  volume.   Later  this 
correction  was  omitted  because  of  its  small  value. 
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Table 

VII. 

Sodium 

Formate. 

V. 

A  25° 

A  35° 

A    25°-3S' 

100 

20.09 

22.70 

1.30 

250 

25.03 

28.53 

1.40 

500 

28.48 

33.25 

1.67 

1000 

32.62 

38.13 

1.69 

2000 

35.34 

41.88 

1.85 

5000 

37.75 

44.67 

1.83 

10000 

39.02 

46.35 

1.88 

20000 

39.76 

47.24 

1.88 

Table 

VIII. 

Sodium 

Acetate. 

V. 

A  25° 

A  35° 

A  zs'-is' 

100 

17.20 

19.10 

1.10 

250 

22.20 

25.08 

1.30 

500 

26.07 

29.76 

1.42 

1000 

29.99 

34.67 

1.56 

2000 

32.80 

38.54 

1.75 

5000 

35.42 

41.62 

1.75 

10000 

36.36 

42.84 

1.78 

20000 

36.79 

42.95 

1.67 
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Table 

IX. 

Sodium  Chloroacetate. 

V. 

A   15° 

A   25° 

A   35° 

A   i£-lS° 

A  i£°-*s 

50 

12.92 

14.66 

16.40 

1.35 

1.19 

100 

16.15 

18.45 

20.74 

1.42 

1.24 

250 

20.52 

23.76 

26.92 

1.58 

1.33 

500 

23.76 

27.79 

32.04 

1.70 

1.53 

1000 

26.51 

31.34 

36.56 

1.82 

1.67 

2500 

29.19 

34.79 

41.00 

1.92 

1.81 

5000 

30.73 

36.81 

43.83 

1.98 

1.91 

10000 

31.53 

37.84 

45.02 

2.00 

1.90 

Table 

X. 

Sodium  Dichl< 

jroacetate. 

V. 

A  15° 

A  25° 

A  35° 

A  is°-as° 

A  %£"-$$ 

100 

18.12 

20.84 

23.67 

1.50 

1.36 

250 

22.38 

26.06 

29.91 

1.64 

1.48 

500 

25.55 

30.00 

34.92 

1.74 

1.64 

1000 

28.36 

33.61 

39.40 

1.85 

1.72 

2000 

30.30 

36.12 

42.79 

1.92 

1.85 

5000 

32.16 

38.62 

46.01 

2.01 

1.91 

10000 

33.08 

39.77 

- 

2.02 

- 

20000 

33.97 

40.67 

48.71 

1.97 

1.98 
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Table 

XI. 

Sodium  Trichl 

oroacetate, 

V. 

A   15° 

A  25° 

A  35° 

Ai?-is° 

Aist^s 

100 

19.03 

22.05 

25.13 

1.59 

1.40 

250 

23.26 

27.24 

31.36 

1.71 

1.51 

500 

26.18 

30.94 

36.10 

1.82 

1.67 

1000 

28.80 

34.31 

40.31 

1.91 

1.75 

2000 

30.36 

36.40 

43.04 

1.99 

1.82 

5000 

32.24 

38.79 

45.12 

2.03 

1.89 

10000 

33.02 

39.84 

47.39 

2.07 

1.90 

20000 

33.71 

40.54 

48.39 

2.03 

1.94 

Table 

XII. 

Sodium  Propionate. 

V. 

A  15° 

A  25° 

A  35° 

Ais°^£° 

A^°-^ 

100 

14.68 

16.50 

18.18 

1.24 

1.02 

250 

18.80 

21.41 

23.95 

1.39 

1.19 

500 

22.16 

25.71 

28.95 

1.60 

1.29 

1000 

25.13 

29.38 

33.85 

1.68 

1.52 

2000 

27.35 

32.28 

37.66 

1.80 

1.67 

5000 

29.26 

34.73 

40.64 

1.87 

1.70 

10000 

30.27 

36.11 

42.52 

1.93 

1.77 

20000 

30.52 

36.23 

42.41 

1.87 

1.71 
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Table  XIII. 
Sodium  Butyrate, 


V. 

A  15° 

A   25° 

A  35° 

A  \S°-^S° 

Ais°^s 

100 

14.39 

16.16 

17.82 

1.23 

1.03 

250 

18.50 

21.03 

23.49 

1.37 

1.17 

500 

21.79 

24.97 

28.37 

1.46 

1.36 

1000 

24.74 

28.89 

33.30 

1.68 

1.53 

2000 

26.93 

31.80 

37.07 

1.81 

1.66 

5000 

28.95 

34.29 

40.16 

1.84 

1.82 

10000 

29.85 

35.67 

42.06 

1.95 

1.79 

20000 

30.27 

35.98 

42.41 

1.89 

1.79 

Table 

XIV. 

Sodium  B< 

snzoate. 

V. 

A    15° 

A   25° 

A   35° 

A  '^-^° 

A  i-^SJ 

250 

18.94 

21.66 

24.29 

1.45 

1.21 

500 

22.11 

25.66 

29.21 

1.61 

1.38 

1000 

25.03 

29.40 

33.93 

1.75 

1.54 

2000 

27.00 

31.99 

37.39 

1.85 

1.69 

5000 

29.18 

34.78 

40.83 

1.92 

1.74 

10000 

30.01 

35.80 

42.£9 

1.92 

1.82 

20000 

30.41 

36.18 

42.64 

1.90 

1.79 
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Table 

XV. 

Sodium  Orthoamidobenzoate. 

V. 

A    15° 

A  25° 

A  35°       A 

\S°-%SC 

A  %s°-2S 

100 

13.19 

14.84 

16.37 

1.35 

1.07 

850 

17.84 

19.60 

31.86 

1.37 

1.15 

500 

80.76 

83.94 

36.99 

1.53 

1.37 

1000 

83.90 

37.88 

31.93 

1.64 

1.47 

8000 

86.17 

30.81 

35.75 

1.77 

1.60 

5000 

88.44 

33.54 

38.91 

1.79 

1.60 

10000 

39.89 

34.71 

40.68 

1.85 

1.73 

80000 

89.52 

31:. 82 

40.50 

1.80 

1.63 

Table  XVI. 
Sodium  Orthochlorobenzoate. 


V. 

A  15° 

A  85° 

A  35° 

Ais°-^c 

/    %S°3S 

100 

14.54 

16.49 

18.34 

1.34 

1.13 

350 

18.71 

31.53 

34.35 

1.50 

1.37 

500 

31.90 

35.44 

39.09 

1.68 

1.43 

1000 

34.83 

39.23 

33.86 

1.77 

1.58 

3000 

36.85 

31.96 

37.43 

1.90 

1.71 

5000 

88.88 

34.65 

40.85 

3.08 

1.79 

10000 

39.97 

36.04 

- 

8.03 

- 

30000 

30.36 

36.76 

43.59 

3.15 

1.86 
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Table 

XVI  I. 

Sodium  Metachlorobenzoate. 

V. 

A   150 

A  25° 

y\35° 

A  IS* -iS° 

Z\^i°-3S 

100 

15.53 

17.69 

19.82 

1.39 

1.20 

850 

19.74 

22.76 

25.80 

1.53 

1.34 

500 

22.83 

26.62 

30.59 

1.66 

1.49 

1000 

25.60 

30.18 

35.15 

1.79 

1.65 

2000 

27.38 

32.68 

38.36 

1.94 

1.74 

5000 

29.55 

35.40 

41.81 

1.98 

1.81 

10000 

30.51 

36.49 

43.40 

1.96 

1.89 

20000 

31.01 

37.03 

43.87 

1.94 

1.85 

Table 

XVIII. 

Soditun  Salicylate. 

Y. 

A  150 

A   25° 

A  35° 

1   ISO-IS* 

/\^-3^ 

50 

14.19 

16.32 

18.42 

1.51 

1.29 

100 

17.19 

19.87 

22.58 

1.56 

1.36 

250 

21.53 

25.13 

28.84 

1.67 

1.48 

500 

24.56 

28.92 

33.60 

1.78 

1.62 

1000 

27.48 

32.62 

38.31 

1.87 

1.74 

2000 

29.18 

34.87 

41.18 

1.95 

1.81 

2500 

30.00 

35.92 

42.45 

1.97 

1.82 

5000 

31.20 

37.47 

44.57 

2.01 

1.87 

10000 

31.90 

38.38 

45.61 

2.03 

1.88 

20000 

32.38 

38.99 

46.36 

2.04 

1.89 

Table  XIX. 
Sodium  Acetylsalicylate 


V. 

50 

100 

250 

500 

1000 

2500 

5000 

10000 

25000 


A  15° 
14.16 
17.16 
21.50 
24.44 
27.62 
30.06 
31.28 
32.56 
32 .  73 


/\  25° 
16.29 
19.81 
25.08 
28.73 
32.76 
35.89 
37.44 
38.97 
39.17 


.1  35° 
18.38 
22.50 
28.71 
33.41 
38.36 
42.38 
44.56 
46.45 
46.70 


1.50 
1.54 
1.67 
1.76 
1.86 
1.94 
1.97 
1.97 
1.97 


37 


1.28 
1.36 
1.45 
1.63 
1.71 
1.81 
1.90 
1.92 
1.92 


Table  XX. 
Sodium  Sulfosalicylate, 


V. 

50 

100 

250 

500 

1000 

2000 

2500 

5000 

10000 

2000C 


A 


15u 
12.38 
15.30 
19.19 
21.92 
24.34 
26.12 
26.58 
28.18 
29.37 
30.65 


A  250 
14.28 
17.73 
22.48 
25.90 
29.00 
31.27 
31.93 
33.88 
35.47 
37.13 


A  35° 
16.21 
20.29 
25.92 
30.22 
34.11 
37.11 
37.86 
40.42 
42.41 
44.16 


A>S°-^s°      £isc-3fD 


1.53 
1.59 
1.71 
1.82 
1.95 
1.97 
2.01 
2.02 
2.08 
2.11 


1.35 
1.44 
1.53 
1.67 
1.76 
1.87 
1.86 
1.93 
1.97 
1.89 
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Table 

XXI* 

Sodium  Orthonitrobenzoate. 

V. 

A    15° 

A  25° 

A  35°       A 

IS°-^S° 

/  U°-ZS0 

50 

11.81 

13.28 

14.62 

1.24 

1.01 

100 

14.79 

16.73 

18.59 

1.31 

1.11 

250 

18.94 

21.76 

24.45 

1.49 

1.24 

500 

22.13 

25.69 

29.34 

1.61 

1.42 

1000 

24.87 

29.26 

33.82 

1.77 

1.56 

2500 

27.60 

32.83 

38.51 

1.89 

1.73 

5000 

29.10 

34.89 

41.29 

1.99 

1.83 

10000 

30.04 

36.07 

42.89 

2.00 

1.89 

Table 

XXII. 

Sodium  Paranitrobenzoate. 

V. 

A    15° 

A  25° 

A    35°        A 

IS°^£° 

Ais°-$s 

50 

14.31 

16.47 

18.61 

1.51 

1.30 

100 

17.22 

19.96 

22.72 

1.59 

1.38 

250 

21.04 

- 

28.19 

- 

- 

500 

23.98 

28.36 

33.09 

1.83 

1.67 

1000 

B6.59 

31.69 

37.30 

1.84 

1.77 

2500 

28.63 

34.25 

40.51 

1.96 

1.83 

5000 

29.75 

35.66 

42.53 

1.99 

1.93 

.0000 

30.70 

36.98 

44.10 

2.05 

1.93 
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Table 

XXIII. 

Sodium  2,4,dinitrobenz 

oate. 

V. 

A  15° 

A    25° 

A   35° 

/ 

\S°--i.S* 

/  ZS°   3 

100 

18.20 

21.09 

24.09 

1.59 

1.42 

250 

22.18 

25.98 

29.93 

1.71 

1.52 

500 

24.95 

29.45 

34.39 

1.80 

1.69 

1000 

27.41 

32.52 

38.33 

1.86 

1.79 

2000 

28.74 

34.42 

40.88 

1.98 

1.88 

5000 

30.45 

36.63 

43.71 

2.03 

1.93 

10000 

31.21 

37.66 

44.94 

2.07 

1.93 

20000 

31.80 

38.27 

45.86 

2.03 

1.98 

Table 

XXIV. 

Sodium  Orthotoluate. 

V. 

A    15° 

A    25° 

A  35° 

/  il°^ 

/  u°ss° 

50 

11.42 

12.80 

14.11 

1.22 

1.01 

100 

14.19 

16.03 

17.81 

1.30 

1.11 

250 

18.32 

21.07 

23.67 

1.50 

1.23 

500 

21.28 

24.69 

28.16 

1.60 

1.41 

1000 

24.53 

28.80 

33.24 

1.74 

1.54 

2500 

27.17 

32.19 

37.52 

1.85 

1.66 

5000 

28.63 

34.23 

40.23 

1.96 

1.75 

10000 

29.56 

35.36 

41.75 

1.96 

1.81 
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Table 

XXV. 

Sodium  Paratoluate. 

V. 

A    15° 

A    25° 

A    35° 

At*°-is° 

^W°3J 

50 

11.25 

12.53 

13.74 

1.14 

0.96 

100 

14.05 

15.79 

17.43 

1.24 

1.04 

250 

18.11 

20.68 

23.00 

1.42 

1.12 

500 

21.14 

24.45 

27.75 

1.57 

1.35 

1000 

24.15 

28.29 

32.55 

1.71 

1.51 

2600 

26.64 

31.46 

36.62 

1.82 

1.64 

5000 

28.00 

33.29 

39.21 

1.89 

1.78 

10000 

28.49 

33.80 

39.91 

1.86 

1.81 

Table 

XXVI. 

Sodium 

Picrate. 

V. 

4  15° 

A   25° 

A  35° 

A  i  S°-  ar° 

Z\  ->S°-  2 

100 

19.77 

23.28 

27.09 

1.78 

1.64 

250 

24.49 

28.93 

33.80 

1.81 

1.68 

500 

27.81 

33.04 

38.79 

1.88 

1.74 

1000 

30.65 

36.56 

43.24 

1.93 

1.83 

2000 

32.78 

39.24 

46.60 

1.97 

1.88 

5000 

34.73 

41.67 

49.85 

2.00 

1.96 

100C0 

35.73 

42.91 

51.46 

2.01 

1.99 

20000 

36.32 

43.63 

52.43 

2.01 

2.02 

40000 

„ 

43.86 

- 

- 

- 
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DISCUSSION  OF  RESULTS. 

The  most  apparent  observation  from  the  foregoing  tab- 
les is  the  grea'fc  similarity  in  amount  of  conductivity  of 
these  organic  salts  in  alcohol.  At  25°  in  a  1000  liter 
dilution  the  extreme  limits  for  the  conductivity  are  from 
26  to  36  mhos,  with  an  average  conductivity  from  28  to  33. 
The  obvious  reason  for  this  is  the  uniform  effect  of  the 
sodium  ion  in  the  solution  an<J'  the  similarity  in  the  veloc- 
ities of  the  organic  anions.  As  naturally  expected,  the 
conductivities  of  these  salts  are  much  greater  than  those 
of  the  acids. 

Very  little  can  be  said  as  to  the  relation  between 
chemical  composition  and  conductivity.   The  aliphatic  and 
aromatic  derivatives  show  no  difference,  and  the  conductiv- 
ity of  the  aromatic  compounds  seems  to  be  independent  of 
the  position  of  the  various  substituent  groups.  Sodium 
picrate  has  a  much  larger  conductivity  than  any  other  salt, 
and  the  monosodiumsulfosalicylate  at  high  dilutions  gives 
abnormally  large  and  increasing  conductivities,  due  prob- 
ably to  the  secondary  ionization  of  the  carboxyl  group  at 
these  high  dilutions. 

In  discussing  the  temperature  coefficient  of  conduct- 
ivity it  is  to  be  noticed  that  this  value  becomes  gradually 
larger  with  increase  in  dilution,  and  at  the  highest  dilu- 
tions approximates  the  value  2.00.   Just  as  in  the 


42 
conductivity  results  there  is  here  no  definite  relation  be- 
tween the  values  for  the  temperature  coefficient  and  chemi- 
cal composition. 

It  is  of  importance  to  note  that  this  work  on  the  sod- 
ium salts  of  the  organic  acids  in  absolute  alcohol  has  been 
greatly  restricted  owing  to  the  almost  complete  insolubili- 
ty of  a  great  many  of  these  salts  in  this  solvent.   If  the 
work  were  carried  out  in  alcohol  which  was  not  absolute, 
practically  all  the  salts  could  be  studied,  for  it  is  neces- 
sary to  add  a  very  small  amount  of  water  to  obtain  a  suf- 
ficient degree  of  solubility.  We  have  approximately  cover- 
ed the  field  of  available  compounds.   It  is  of  interest  to 
note  that  the  polybasic  acids  of  both  the  aliphatic  and 
aromatic  series  are  excluded  from  study  for  this  reason,, 
as  well  as  all  unsaturated  acids  of  both  series.  A  number 
of  salts  of  aromatic  acids  with  di-  and  tri-substitutions 
in  the  ring  were  likewise  impossible  for  study.* 

Reference  has  already  been  made  (see  pages  6-15)  to 
the  work  of  Heinrich  Goldschmidt  on  the  conductivity  of  al- 
coholic solutions  of  sodium  salts.   T.7e  have  purposely  in- 
vestigated most  of  the  salts  which  he  studied.   A  comparison 

*  It  was  the  intention  in  this  department  previous  to  the 
death  of  Professor  Jones,  to  extend  this  work  on  the  salts 
into  the  field  of  mixed  solvents  (alcohol  and  water)  since 
a  little  preliminary  work  on  our  part  has  shown  the  possi- 
bilities of  this  problem. 
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of  these  results  is  conveniently  made  "by  reference  to  the 
following  tables: 


Salt 
Sodium  Dichloroacetate 
"    Trichloroacetate 
"    Salicylate 
"    Sulfosalicylate 
Picrate 


Goldschmidt 
Table  II  p. 9 
I  p. 9 
"   III  p. 10 
"    IV  p.lC 
V  p. 11 


Author 
Table  X  p. 32 
■  XI  p. 33 
"  XVIIIp.36 
"  XX  p. 37 
"  XXVI  p. 40 


It  can  be  seen  from  these  tables  that  the  two  series 
of  conductivity  values  are  in  accordance,  but  an  exact  com- 
parison cannot  be  made  because  of  the  fact  that  the  values 
of  .A  in  the  two  series  refer  to  somewhat  different  concen- 
tration::.  In  order  to  make  an  effective  comparison  we  have 
plotted  the  values  of  _/Y  against  the  logarithms  of  the  vol- 
ume V  in  the  case  of  sodium  trichloroacetate  (see  Fig.  1). 
The  points  circled  refer  to  the  data  of  Goldschmidt,  and 
the  squares  to  that  obtained  in  the  present  work.  With  few 
exceptions  all  the  points  lie  on  one  curve,  and  the  slight 
deviations  which  occur  are  within  the  limits  of  error  of 

the  conductivity  method.   The  four  other  salts  give  simi- 
lar results;  therefore  their  graphs  are  omitted. 

It  has  been  found  impossible  to  obtain  a  limiting  con- 
ductivity experimentally,  although  measurements  have  been 
carried  out  to  10000  and  20000  liter  dilutions.   It  is 
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therefore  necessary  to  determine  Ao  by  some  method  of  ex- 
trapolation.  It  will  be  recalled  that  Goldsohmidt  used  the 
Kohlrausch  formula  for  this  purpose  (see  page  11),  although 
its  applicability  to  alcoholic  rolutions  and  even  to  aqueous 
solutions  19  had  been  previously  questioned.   We  applied 
this  formula  to  our  experimental  data  with  a  similarly  un- 
satisfactory result.   The  calculated  values  of  J\0   vary  to 
such  an  extent  that  it  is  impossible  to  make  a  selection. 

A  function  of  another  form,  suggested  by  A.A.lToyes  20, 
which  has  been  successfully  used  in  connection  with  re- 
searches upon  the  electrical  conductivity  of  aqueous  solu- 
tions, presented  a  possible  means  of  determining  J\c    in 
alcoholic  solutions.   This  function  has  the  form  - 

Va    =    VAo+    K(cA)- 

where  A.  is  the  equivalent  conductance  at  the  concentration 
c  (l/v),  Z  is  a  constant,  and  n  is  a  number  which,  for 
aqueous  solutions,  lies  between  1.3  and  1.7.   The  value  of 
n  is  so  chosen  that  the  graph  obtained  by  plotting  the  re- 
ciprocal of  the  equivalent  conductance  (l//\_)  at  the  vari- 
ous concentrations  (C)  against  (cii)n"1  is  nearly  a  straight 
line.   Two  other  graphs  corresponding  to  neighboring  values 
of  n,  on  opposite  sides  of  the  first  line,  are  also  drawn 

19.  A.A.Noyes,  J.  Amer.  Chem.  Soc.  30,  344  (1908). 

20.  J.  Amer.  Chem.  Soc.  30,  335  (1908). 
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so  as  to  aid  in  determining  the  most  probable  point  at 
which  the  graphs  cut  the  l//\_  axis  21.   This  point  is  l/j\    , 
the  reciprocal  of  the  limiting  conductivity. 

This  procedure  was  followed,  using  the  data  at  25°  of 
sodium  trichloroacetate,  salicylate,  orthonitrobenzoate, 
and  2 , 4,dinitrobenzoate.   The  graphs  obtained  are  in  every 
respect  similar  to  those  for  aqueous  solutions,  except  that 
the  value  of  n  lies  between  1.7  and  1.8.   The  values  of  _/\0 
obtained  for  the  above  salts  at  25°  are  - 

Sodium  trichloroacetate  41.6 

Sodium  salicylate  39.9 

Sodium  orthonitrobenzoate  38.0 

Sodium  2.4.dinitrobenzoate  39.2 


From  these  figures  the  percentage  dissociation  of  these 


\ 


salts  is  obtained  by  means  of  the  familiar  formula  -  o{- — r— 

While  the  procedure  outlined  above  is  thus  proved  to 
give  satisfactory  results  in  alcoholic  solutions,  the  cal- 
culations are  quite  laborious,  and  advantage  is  taken  of  a 
much  shorter  method  of  approximating  _A0  ,  suggested  by 
Randall  22.   It  is  a  fact  that  as  the  zero  of  concentration 
(infinite  dilution)  is  approached,  the  difference  in  the 
percentage  ionization  of  all  salts  approaches  zero. 

21.  See  J.  Johnston,  J.  Amer.  Chem.  Soc.  31,  1010  (1909). 

22.  J.  Amer.  Chem.  Soc.  38,  788  (1916). 
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Randall  makes  the  provisional  assumption  that  the  ioniza- 
tion of  salts  of  the  same  type  (such  as  thallous  chloride 
and  potassium  chloride)  is  the  same.   Knowing  the  percent- 
age dissociation  of  potassium  chloride  at  various  dilutions 
very  accurately,  he  calculates  the  value  of  7V0  for  thal- 
lous chloride  by  means  of  the  equation  - 

-Ac  =  AU< 

in  which  <x'  is  the  percentage  dissociation  of  KC1  at  any 
given  dilution,  and  -A  the  molecular  conductivity  of  T1C1 
at  the  same  dilution.   Such  a  calculation  gives  values  for 
_/\_0  which  approach  a  constant  figure  with  increasing  dilu- 
tion. 

In  applying  this  method  to  our  results  we  have  made 
use  of  the  values  of  percentage  dissociation  obtained  by 
means  of  the  equation  of  Noyes.   It  has  been  found  that  the 
four  salts  sodium  trichloroacetate,  salicylate,  orthonitro- 
benzoate  and  2,4,dinitrobenzoate  include  examples  of  all  the 
various  types  of  salts  encountered  in  the  present  investi- 
gation. 

The  calculated  _AC  is  illustrated  by  the  following 

example: 


48 


V 

-±O0  c<2,o 

A-*? 

-A-Sr 

Sod.  S3  Kc^  ate 

So-meeta+e 

^-Se^Sal-CxfU*'' 

100 

49.8 

17.20 

34.5 

250 

63.0 

22.20 

35.2 

500 

72.5 

26.97 

35.9 

1000 

81.8 

29.99 

36.6 

2000 

87.4 

32.80 

37.5 

5000 

94.0 

35.42 

37.7 

10000 

96.3 

36.36 

37.8 

20000 

97.8 

36.79 

37.7 

Probable   _A0 

=      37.7 

49 


The  following  table  contains  the 
J\c  at  25°  for  all  the  salts  studied 
ated  in  the  manner  just  indicated. 


Sodium 

A©. 

Formate 

40.7 

Acetate 

37.7 

Ghloroacetate 

39.6 

Dichloroacetate 

41.4 

Trichloroacetate 

41.6 

Propionate 

37.1 

But yr ate 

36.9 

Benzoate 

37.4 

Orthoamidobenzoate 

36.6 

Orthochlorobenz. 

37.9 

Metachlorobenz. 

37.9 

Salicylate 

39.9 

Acetylsalicylate 

39.9 

Sulfosalicylate 

— 

Orthonitrobenz . 

38.0 

Paranitrobenz. 

38.8 

2,4,dinitrobenz. 

39.2 

Orthotoluate 

37.3 

Paratoluate 

35.5 

Picrate 

44.7 

probable  values  of 

by  the  author,  caleul- 

Referred  to 
Salicylate 

"     &  o-NOg  benz, 


Salicylate 
it 

"  &  0-NO2  benz, 
Orthonitrobenzoate 

"  &  Salicylate 
Salicylate 


Salicylate 


Orthonitrobenzoate 

Orthonitrobenzoate 

"   &  Salicylate 
Linitrobenzoate 
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